INTRODUCTION
Acute HIV infection is known to cause high levels of viremia, which is associated with higher levels of infectivity. 1 Transmission of pathogens, especially sexually, depends not only on infectivity, but also on sexual behavior over time, known as the contact rate. 2 Immediately, before and during acute HIV infection, individuals may be more likely to participate in sexual behaviors associated with higher risk of transmission. [3] [4] [5] Additionally, individuals with acute HIV infection will probably remain unaware of their infection during this time because most acute infections are asymptomatic, of short duration, 6, 7 and rarely detected with currently used testing algorithms. 1 Untreated but chronically infected individuals usually have lower viral loads than those very recently infected. Furthermore, knowledge of one's serostatus may make one more cautious with sex partners and reduce sexual risk behavior. [8] [9] [10] [11] Phylogenetic studies to reconstruct transmission events estimate that forward transmission in the first 6 months after acute infection may account for 25%-50% of all new transmissions. 12 In mathematical models, episodic risk (eg, changes in high and low risk behavior over time) can cause dramatic increases in HIV incidence when the duration of high risk matches the duration of acute HIV infection. 13 However, Steward et al 14 demonstrated that participants reported a decrease in some associated sexual risk behaviors after the diagnosis of acute HIV infection, including a reduction in sex partners and an attempt to limit sex to partners with the same serostatus (ie, serosorting), which could play a pivotal role in decreasing forward sexual transmission.
Several studies have attempted to characterize the demographics and risk behavior differences between acutely and chronically infected populations. [3] [4] [5] 15 In North Carolina, the only state where all publicly funded HIV tests are screened for acute HIV infection through pooled HIV RNA testing, Kuruc et al 5 found that MSM made up a majority of those with acute HIV infection (n = 236 acute HIV infections). However, their study did not investigate the specific risk behaviors that distinguished those with acutely diagnosed and new, nonacute diagnosed infections.
The "Early Test" program in San Diego was one of the few studies with an adequate sample size to thoroughly analyze specific risk behaviors associated with acute HIV infection (n = 200 acute HIV infections). 4 That study found the combination of condomless receptive anal intercourse and 5 or more recent male sex partners were the strongest predictors of acute and early HIV infection among MSM. 4 In multivariate analysis the "Early Test" program in San Diego found that drug use was not associated with acute HIV infection. However, methamphetamine use was associated with HIV infection in univariate analyses. 4, 16 In addition, other studies found that drug use is an important risk factor for MSM's HIV acquisition and transmission. 17, 18 Another study found that among individuals who reported stopping methamphetamines, their sexual risk behaviors partly declined. 19 Gaps in the literature include understanding the behaviors, especially sexual behaviors, before testing with acute HIV infection, and the demographics of those more likely to receive a diagnosis with acute HIV infection.
The goal of the present study was (1) to describe the frequency of acute infection at a community-based HIV testing center that serves predominately MSM, (2) describe the risk behaviors associated with acute HIV infection among MSM, and (3) compare the risk behaviors between newly diagnosed acutely and previously undiagnosed nonacutely HIV-infected MSM.
METHODS
We analyzed routine HIV testing data from the Los Angeles Lesbian, Gay, Bisexual, and Transgender (LGBT) Center (The Center) in Los Angeles, California. Our analysis included data from August 1, 2011 to July 31, 2015 during which period the same risk assessment form was used, and acute HIV testing was available at the Center. From August 1, 2011 to July 31, 2015, The Center conducted 66,546 HIV tests. The inclusion criteria for the study were as follows: (1) birth sex was male, and (2) reported sexual orientation of gay, bisexual, or reported sex with another man in the last year and (3) newly diagnosed HIV-infected. We included testing data for men who reported sex with men (MSM), men who reported sex with men and women (MSMW), and men who reported having sex with men and transgender women in our analysis. The outcome of our study was acute HIV infection diagnosis (defined as receiving a HIV-1 RNA test reported as detectable HIV-1 RNA but a concurrent negative HIV antibody result). We compared characteristics among those with acute vs. nonacute, previously undiagnosed infections (defined as receiving a positive HIV antibody test at the Center All clients receiving HIV testing services at the Los Angeles Lesbian, Gay, Bisexual, and Transgender Center were administered an 82-item risk assessment before the HIV test. The Center's counselors administered behavioral risk assessments in face-to-face interviews with clients. The risk assessment contained questions on demographics, condom use behavior, drug use, and previous history of sexually transmitted infections (STIs). Those variables were investigated as potential factors to distinguish MSM with acute HIV infection vs. MSM with a nonacute, previously undiagnosed HIV infection. Clients who did not report sexual activity in the past 3 months were removed from the analysis of condomless sex. Clients who answered that they never/ sometimes used a condom during anal sex in the past 3 months were considered as having condomless sex for the purpose of this study. In addition, we analyzed condomless sex at last sex act before diagnosis. We also analyzed concurrent sexually transmitted infections, eg, urethral or rectal Chlamydia trachomatis or urethral, oral or rectal Neisseria gonorrhea infection, or recent syphilis (defined as a 4-fold change in titer) diagnosed at the HIV testing visit or urethral or anal discharge, comparing characteristics of MSM with acute HIV infection vs. MSM with a nonacute previously undiagnosed HIV infection.
Statistical Analyses
We analyzed socio-demographic variables, including age in years, educational attainment, and race/ethnicity (dichotomized to non-African American vs. African American, based on previous analyses of this cohort), and behavioral data (eg, number of prior lifetime HIV tests, presence of a main sex partner, condom use during sex, or illicit drug use in the past 12 months) by acute vs. nonacute previously undiagnosed HIV infection status using x 2 tests for categorical variables, Wilcoxon rank sum tests for continuous variables (eg, median partners), and Student t tests for means (eg, mean number of partners). We analyzed the association between self-reported number of sex partners in the last 30 days and 3 months, and condomless anal intercourse at last sex act before diagnosis between those with acute HIV infection and nonacute previously undiagnosed HIV infection using multivariable logistic regression. Select a priori confounders and variables were included in the final model based on the causal structure of confounding. We received approval for all analyses from the University of California, Los Angeles Institutional Review Board (IRB#15-001821). All analyses were conducted with SAS v9.4 (Cary, NC).
RESULTS
From August 2011 to July 2015, The Center conducted 66,546 HIV screening tests. Among those, 1082 unique men tested HIV-positive for the first time, 165 (15%) were acute HIV infection and 917 were nonacute infections (85%). HIV rapid antibody testing was 84.8% sensitive for likely HIV infection among MSM seeking testing (using HIV antibody tests alone, 917 infections would have been detected out of 1082 possible infections, 95% confidence interval (CI): 82.9% to 87.1%). Among MSM with acute HIV infection, the median viral load was 842,000 copies per milliliter (interquartile range (IQR) = 98,200-4,897,318). Threequarters of viral loads were .100,000 copies per milliliter [122/164 (n = 1 missing); 74%] and about half were .1,000,000 copies per milliliter (81/165, 49%).
The mean age was 31.9 years (SD = 9.0) for the HIVinfected nonacute previously undiagnosed group, compared with 31.8 years (SD = 8.9) for men with acute HIV infection. Acute HIV infection was diagnosed almost twice as frequently among non-African American MSM compared with African American MSM (odds ratio = 1.97, 95% CI: 1.10 to 3.52). In addition, there were significant differences between prior HIV testing and race. White men had a median of 10 previous HIV tests (IQR = 5-19), whereas Hispanic men had a median of 6 previous HIV tests (IQR = 3-11) and black men had a median of 5 previous HIV tests (IQR = 3-10) (P , 0.0001). A greater proportion of individuals with acute infection reported testing for HIV within the last year compared with those with nonacute HIV infection or those who tested HIV-negative (P , 0.001); however, the difference between men with a nonacute HIV infection and HIV negatives was not significant (P = 0.14). Almost 14% of those with a new HIV diagnosis also reported having sex with a woman in the past 3 months. Educational attainment was not different by diagnosis group. Overall, both groups of men had some college (35%) or a college degree (34% of those with acute HIV infection and 32% of those with a nonacute infection) ( Table 1) .
Any recent reported drug use (eg, methamphetamine, amyl nitrate, cocaine use in the past 12 months) was not different between groups (13% vs. 12.7% for methamphetamine use, 1.3% vs. 1.8% for amyl nitrate use, and 6.6% vs. 6.7% for cocaine use for acutely infected vs. nonacute new infections, respectively). Men with a nonacute previously undiagnosed HIV infection were more likely than those with an acute HIV infection to have a concomitant C. trachomatis infection (30% vs. 19%, P = 0.002). Duration of infection was not associated with a recent syphilis infection (4-fold change in rapid plasma reagin titer $1:16, 17% vs. 11% P = 0.08). However, men with acute HIV infection were more likely to have a concomitant Neisseria gonorrhoeae infection (37% vs. 25%, P , 0.001), and were more likely to have anal or urethral discharge during their diagnosis visit (7% vs. 2%, P = 0.009).
MSM with acute HIV infection had almost double the number of sex partners in the 30 days [mean = 4 (SD = 5.9), median = 2 (range = 0-50)], and 3 months [mean = 9.5, (SD = 16.6), median = 4 (SD = 1-150)] before the diagnostic visit compared with those with a nonacute previously undiagnosed HIV infection [30 days mean = 2.4, (SD = 5.2), median = 1 (SD = 0-99); 3 months mean = 5.2, (SD = 10.0), median = 2 (range = 0-100), P , 0.0001] (Fig. 1) . Furthermore, condomless receptive anal sex in the past 3 months was significantly more frequent among men with acute HIV infection (64%) compared with men with nonacute previously undiagnosed infections (55%; odds ratio = 2.09, 95% CI: 1.05 to 4.18). The frequency of recent condomless insertive sex was not different between the groups (Table 1) .
In multivariable analysis, MSM with acute HIV infection had increased odds of reporting condomless receptive anal sex in the past 3 months before testing [adjusted odds ratio (aOR) = 1.95; 95% CI: 0.99 to 3.83] when compared with MSM with nonacute previously undiagnosed HIV infection after adjusting for age, race/ethnicity, number of prior HIV tests, and number of sex partners in the past 3 months.
Men with an acute HIV infection reported a greater number of sex partners in the past 30 days and 3 months after controlling for age, race/ethnicity, and education (aOR for .5 partners in past 30 days = 2.74, 95% CI: 1.46 to 5.14; aOR for .10 partners in the past 3 months = 2.41, 95% CI: 1.36 to 4.25) when compared with men with nonacute previously undiagnosed HIV infection. In addition, we found that 5 men with an acute HIV infection (3.4%) and 23 men with a nonacute previously undiagnosed infection (3.0%) had condomless vaginal sex in the past 3 months with a woman or transgender woman.
The frequency and type of STI diagnoses were different between groups. Men with an acute HIV infection had increased odds of being diagnosed with a concomitant gonococcal infection compared with men with a nonacute previously undiagnosed HIV infection after adjusting for age, race/ethnicity, and number of sex partners in the past 30 days (aOR = 1.72, 95% CI: 1.11 to 2.64). Men who reported urethral or anal discharge were almost 3 times the odds of being diagnosed with an acute HIV infection (aOR = 2.73, 95% CI: 1.04 to 7.18). There was no association between acute HIV infection and a concomitant C. trachomatis infection diagnosis (aOR = 0.58, 95% CI: 0.22 to 1.50), or concurrent recent syphilis (aOR = 0.82, 95% CI: 0.42 to 1.63) after adjusting for age, race/ethnicity, and number of sex partners in the past 30 days (Table 2) .
DISCUSSION
Among MSM testing for HIV infection at a large community-based testing program in Los Angeles, we found that those with acute HIV infection had nearly twice as many sex partners in the past 30 days and 3 months compared with those newly diagnosed with chronic HIV infection. Furthermore, those men with acute HIV infection were more likely to have condomless receptive anal intercourse in the 3 months before their diagnosis. Having a concomitant N. gonorrhoeae infection and reporting anal and/or urethral discharge were associated with increased odds of being diagnosed with an acute HIV infection. Being African American was associated with decreased levels of recent HIV testing (and number of recent tests), and consequently, African American MSM had decreased odds of being diagnosed with an acute HIV infection, though HIV incidence is higher among black MSM in Los Angeles. Substance use was not different between those with acute HIV infection and nonacute previously undiagnosed group.
In addition, we found a large range in viral load among those with acute HIV infection, though the majority had a viral load greater than 100,000 copies per milliliter, and about half had viral load of greater than 10,000,000 copies per milliliter. Previous studies have demonstrated that mean levels of HIV viral load increases the rates of sexual and perinatal transmission. 1, 8 However, there are few reports that include such a large number of cases among acutely infected men. [20] [21] [22] A recent study from East Africa and Thailand found that the viral-load set point occurred at a median 31 days after the first detection of plasma viremia, which correlated with peak viremia. 7 In that cohort, few signs and symptoms of acute HIV were identified by study participants. Those viral load data are important for scientists modelling the contribution of acute HIV infection in HIV transmission dynamics and reinforce the importance and urgency of expanding screening for acute HIV infection to accelerate HIV control among high-risk populations in the United States. [4] [5] [6] [7] [8] [9] 13, [23] [24] [25] [26] [27] A recent study found that testing for acute HIV infection was cost-effective in preventing new HIV infections among at risk MSM in San Diego and other MSM populations with similar HIV prevalence but lower proportions of diagnosis of acute HIV infection. 28 Sexual transmission of HIV depends on multiple factors. HIV transmission through a population depends not only on infectiousness (eg, viremia), but also on transmission risk behavior over time. The basic reproductive number (R 0 ) of HIV is proportional to the probability of transmission per contact with the infectious person (eg, HIV viral load, condom use and type of sex act) · contact rate (eg, number of sex acts) (and variability of contact rate in the population) · duration of infection. 1,2 Our findings emphasize the importance of the contact rate in HIV transmission, as MSM with acute infection had double the number of partners as those with a nonacute previously undiagnosed infection. Furthermore, those with an acute infection reported more recent condomless receptive anal sex in the past 3 months, which increases the probability of transmission. The number of sexual contacts and sexual activities which carry higher per-act probabilities for transmission acts synergistically to increase the spread of HIV infection.
Sexual risk behavior is likely to be episodic; therefore, sexual behaviors reported over a year may not adequately reflect risk factors most pertinent for acute HIV transmission. Our study seems to confirm the findings from the "Early Test" San Diego study that found that an increased number of sex partners and condomless receptive anal intercourse were important predictors of acute HIV infection. 4 Our findings show that sexual risk behavior is significantly different within the 30 days before an acute HIV diagnosis, as previously predicted. 13 Future research on acute HIV infection should also examine shorter windows of sexual risk behavior because it is more specific to the events that resulted in HIV transmission. If such findings are replicated across a wider population, recent sexual behavior data may prove to be an important tool to identify those at greater risk for acute HIV infection. Patients will likely report more reliably the number of sex partners they have had in the previous 30 days or 3 months in comparison with 1 year, especially for patients with numerous partners.
Acute HIV infection was associated with more frequent repeat HIV testing in our cohort. Our data confirm what other studies have demonstrated that frequent testing will result in earlier detection and decreases in HIV incidence. [4] [5] [6] [7] [8] More frequent testing habits were found among acutely infected patients because they would be more likely to present during the short acute infection period; otherwise, less frequent testing habits would be more likely to result in a nonacute HIV diagnosis. Furthermore, MSM with urethral and/or urethral discharge were more likely to get diagnosed with an acute infection in our cohort. Given the moderate sensitivity (about 85%) of commonly used rapid HIV tests, additional resources are needed to ensure that persons at high risk for HIV infection with a concomitant STI receive an HIV RNA test or at least a fourth generation HIV test that detected antigens and antibodies. Our study also found that black and Latino MSM get tested less frequently for HIV infection when compared with white MSM. We know that there are important racial/ ethnic disparities in HIV infection among MSM as well as the resultant awareness of and access to HIV testing, prevention, and care services. There is an urgent need to understand barriers to testing, expand access, and to increase campaigns that increase the frequency of testing among populations disproportionately impacted by HIV.
The targeted use of RNA testing HIV testing algorithms to diagnose and initiate treatment for those with acute infection can help prevent onward HIV transmission. Our findings support efforts to increase the frequency of HIV testing among high-risk groups and the integration of acute HIV screening within STI clinical services. 29 Our data found that HIV rapid antibody testing was only 85% sensitive for HIV infection among MSM seeking testing at a Los Angeles community-based testing program. Our study replicated the findings of Peters et al 15 , which determined that rapid third generation HIV tests (ie, antibody only) detected only 87% of new HIV diagnoses in MSM in New York, California, and North Carolina. Additional research is needed to further reduce the window period of rapid HIV tests to identify those with an acute infection. Until then, established testing protocols and implementation of routine HIV RNA testing should be expanded. 9, 10, 30, 31 Our data also demonstrate that increased behavioral risk among MSM is associated with acute HIV infection. If pooled HIV RNA testing is not performed on those with negative HIV rapid tests, over 10%-15% of testers in high-risk groups may be missed and sent home unaware of their actual infection status at the height of their infectivity and sexually risky behaviors.
We argue that there is an urgent need to scale up targeted interventions (eg, HIV RNA testing in high risk groups) to diagnose acute infections, even at a greater cost, to reach them early with behavioral interventions and treatment to curb onward HIV transmission. The costs of HIV RNA screening may be greater in the short term, but will ultimately be cost-effective through the prevention of disease progression and new HIV infections. 28 Previous prevention efforts have emphasized condom use negotiation skills and other psychological techniques for minimizing sexual risk behavior. Our study suggests that future interventions should incorporate efforts to reduce contact rates and convey how the frequency of contacts can also influence the transmission of HIV infection. In the new era of biomedical HIV prevention, reducing contact rates should be promoted alongside pre-exposure prophylaxis, postexposure prophylaxis, and condom use to maximize sexual health outcomes of HIV-uninfected MSM.
Limitations of our analysis include the lack of data on the frequency of sexual intercourse before diagnosis. We have data on the number of sex partners, but not the number of sex acts. There may be recall bias with reporting behaviors up to 1 year before data collection. Because our analysis was cross-sectional, it measured reported behavior before receiving HIV test results, which limited recall bias based on HIV infection status. Our study relied on self-reported sexual behaviors which may be subject to social desirability bias, and as a result, participants may have underreported sexual risk behaviors. Furthermore, we only analyzed data from a community-based testing center in Los Angeles, which has distinct characteristics, thereby limiting the generalizability to other areas.
CONCLUSIONS
Our study demonstrated that MSM with acute HIV infection and high levels of viremia had nearly twice as many sex partners in the past 30 days and 3 months. Importantly, men with acute HIV infection were more likely to have had urethral and/or anal discharge and gonorrheal infection as well. Although the diagnosis of acute HIV infection through HIV RNA testing comes at a higher cost, scaling up of routine detection of acute HIV infection is warranted, especially among African American MSM and MSM with STIs.
